the fracture is sloping downward anteriorly (the OBAV equivalent described by Roy-Camille et al.) or comminuted (the Type IIA equivalent described by Hadley et al.) . By definition, Type III fractures pass through the body of C-2 and to at least one superior joint facet on C-2, which is more precise than the initial classification. Type II is the most common, the most unstable, and the one most at risk for pseudarthrosis. 2, 20, 48 Type III is second in terms of frequency and is generally stable. Type I is stable and extremely uncommon. Grauer et al. 16 have also proposed recommendations for the treatment of each subtype.
Currently, despite the emergence of prospective studies, 22, 45 there is no consensus regarding the treatment for Type II fractures in the elderly. 20, 33, 34 Surgical and orthopedic treatments are regularly compared. Each is associated with a certain number of failures, morbidity, and mortality. A case-control study showed that the risk of failure by orthopedic treatment with a Halo jacket for Type II fractures was 21 times greater for patients older than 50 years. 24 Posterior fixations have an increased rate of fusion, from 78% to 100%, but carry a risk, notably of damage to the vertebral artery, up to 8.2%. 35 Anterior screw fixation, described by Böhler, 6 is similarly a standard treatment, 13 with a fusion rate of up to 90%, but osteopenia and old age are 2 significant risk factors for pseudarthorsis.
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The techniques of cementoplasty and C-2 kyphoplasty have been described in another context of morbidity: lytic lesions in the body of C-2.
14,27 High-viscosity polymethylmethacrylate cement can be used for such interventions under fluoroscopic guidance either transorally 3, 27, 36, 40 or by an anterolateral cervical approach. 8, 10, 30, 38, 43, 49 Another technique using these 2 routes has also been described, kyphoplasty, which allows for better control of the injection zone with cement by the creation of a cavity. 11, 14, 15, 26, 31 We decided to combine the 2 techniques of anterior screw fixation of the odontoid and balloon kyphoplasty to obtain satisfactory compression and limit the chances of subsequent displacement in 2 female patients approximately 90 years of age with severe osteoporosis.
case Studies patients
Two female patients were referred to us for management of Type IIB fractures of the odontoid peg. Both the clinical and radiological data were considered together before proceeding to surgery.
The first patient treated by this technique (Case 1) was 90 years old. She had a lengthy medical history that included inhaled steroids for asthma. She had been admitted to care because of an increasing inability to care for herself, although she was not impaired intellectually. She presented to us after a fall that was classic in that it involved a knock to her forehead causing hyperextension of her cervical spine. Before her fall, her 36-Item Short Form Health Survey (SF-36) scores 47 were 38.3 for physical health (Physical Component Summary) and 38.7 for mental health (Mental Component Summary). Clinical examination was unremarkable apart from severe neck pain, rated on a visual analog scale (VAS) at 8 of 10. Radiographs and then CT scans of the cervical spine confirmed the fracture of the odontoid, though with very little displacement (Type IIB). The odontoid process was weakened at its base by a multifactorial osteopenia, classified as being moderate (less than 50% lacunae in trabecular bone) according to the classification of Lakshmanan et al. 23 ( Fig. 1) . The initial dynamic radiographs of the cervical spine, obtained at 48 hours postinjury, revealed no instability, and orthopedic treatment with a Minerva corset was chosen. As this was poorly tolerated, despite 2 adaptations, it was simplified with a rigid Minerva. Secondary complications (1 month after the fracture) involving the skin under the chin (Fig. 2) and destabilization of the fracture with movement of approximately 5 mm (Fig. 3) led to the choice of surgery. The last evaluation of this patient was 18 months after surgery, with clinical and radiology follow-up at 3, 6, and 12 months.
The second patient (Case 2) was 88 years old. She was also admitted to care before her neck injury, mainly because of a cognitive disorder (the SF-36 was not administered because of this). She was considered as being in Group 2 of the Iso Resources Groupings according to the criteria established by the AGGIR grid, 46 but was still mobile around the establishment. Her main medical history comprised ischemic heart disease with heart failure, temporal arteritis, Alzheimer's disease, and non-insulin-dependent diabetes. The mechanism of her injury was identical to that of Case 1. Initial clinical examination likewise demonstrated only intense neck pain, and she had a VAS score of 9. However, radiography (Fig. 4 left) followed by CT scanning (Fig. 4 right) revealed a significantly displaced Type IIB fracture with a severe osteopenia (> 50% lacunae) in the odontoid process. Surgery was immediately decided upon. Clinical and radiography follow-up were carried out 1 and 3 months later.
For these 2 patients, the prone position during surgery was contraindicated according to our anesthesiologists (due to significant comorbidities). This made C1-2 posterior fixation not possible. Second, the severe osteopenia of these patients significantly increased the risk of mobilization and pseudarthrosis with a single anterior screw. Our experience with the use of vertebroplasty in osteoporotic vertebral settlements has led us to propose the combination of this technique with anterior screw fixation in the 2 octogenarians.
operative technique
The details of the surgeries were quite different for the 2 patients, with regard to the size of the balloon and then its deployment for inflation. Under general anesthesia, the patient was placed in the dorsal decubitus position. The head was placed in the neutral position. Two image intensifiers were positioned during the operation to gain continuous monitoring face on (the mouth was kept open by a radiolucent packing) and laterally. The first stage consisted of ascertaining that reduction had been achieved via the operative position, with correction of the backward tilt of the dens and alignment of the 2 fragments of the fracture. A classic odontoid screw fixation anterolateral approach through the neck was then undertaken. An oblique incision was made over the medial border of the sternocleidomastoid muscle. The various planes were dissected out as far as the deep cervical fascia at the level of C4-5, the jugulocarotid bundle was retracted laterally, and the trachea/ esophagus was retracted medially. The anterior inferior border of C-2 was reached by moving along the fascia. A guidewire was introduced with the help of a power drill as far as the upper portion of the odontoid process. An operating cannula was placed into the body of C-2 with the aid of the guidewire. With the guidewire removed, the area was tapped out (Fig. 5A ) over the length of the bony aperture and particularly toward the fracture zone. A balloon was then introduced. In Case 1, the balloon measured 10 mm and was progressively inflated in 3 stages under fluoroscopic control, at low pressure (150 psi), into the upper extremity of the odontoid, the base, and then the body of C-2 (Fig. 5B) . For Case 2, the balloon measured 20 mm and was managed all in 1 stage.
The radiopaque markers could be seen above and below the fracture line, and therefore just a single inflation was necessary. The volume was 2 ml on each occasion. Once the balloon was withdrawn, the high-viscosity cement (polymethylmethacrylate) was introduced ( Fig. 5C ), starting at the upper portion of the odontoid. The guidewire was quickly reinserted and the operating cannula was removed to be able to orient the insertion of the Asnis screw (Stryker), the length of which had been previously determined. The screw was inserted as far as the superior endplate (Fig. 5D ), thus going beyond the cemented part and ensuring that the entire threaded section was placed above the fracture site and allowed for compression onto a washer placed around the head of the screw. The guidewire was removed, and the wound was closed in layers.
results
The duration of surgery was approximately 45 minutes in both cases. Minor cement leakage occurred in both patients, anteriorly and laterally at the level of the fracture, Moderate osteopenia is present (< 50% lacunae in trabecular bone). but nothing untoward occurred. Additional cement was injected after the leak was detected in the first case but there was no further leakage.
Pain relief was immediate postoperatively in both cases and was maintained at 1 and 3 months, and for the patient in Case 1 at 6 and 12 months. A first-line analgesic was provided for the first 10 days. In Case 1, the SF-36 score remained the same throughout all reviews. No change in the range of motion was noted.
Fortunately, there were no hemorrhagic or infectious complications. The patients were mobilized from Day 1 postoperatively onward. The dynamic radiographs obtained in the immediate postoperative period showed the repair to be perfectly stable (Figs. 6 and 7) . This was also confirmed at various reviews up to 1 year for the patient in Case 1, and up to 3 months for the patient in Case 2.
Computed tomography of the cervical spine confirmed this stability, at 1 month for the 2 patients, as well as at 1 year for the patient in Case 1.
Inpatient stays were for 3 and 4 days postoperatively. Both patients are still alive.
discussion
To our knowledge, we present the first cases in the literature of an innovative treatment combining kyphoplasty and anterior screw fixation performed in 2 approximately 90-year-old women to treat Type IIB fractures of the odontoid. There is no consensus on the treatment of this type of fracture in the elderly.
Immobilization with a Halo vest system is the most fre- quently described conservative treatment. 1, 7, 12 Numerous studies have described the morbidity associated with this type of treatment, increasing to 66% for major complications. 25, 44 Other studies have reported treatment with a rigid collar or a soft collar but for Type I or III fractures. 29, 37 Surgical treatments are divided into 2 main categories, posterior fixation and anterior screw fixation of the odontoid. The various techniques for posterior fixation have been described in the review of the literature by Pryputniewicz and Hadley. 35 Anterior screw fixation of the odontoid has proved to be effective for trauma to the odontoid in all age groups, 32 but also more specifically for the elderly. 9, 18, 19 The most commonly encountered complication is dysphagia, making a nasogastric tube necessary for several weeks as noted in 25% of the cases in the cohort reported by Dailey et al. 9 On the other hand, this technique does not limit the range of motion. Rates of fusion are higher in these 2 techniques, ranging from 78% to 100% for posterior fixation 35 and up to 90% fusion for anterior screw fixation. 28 Nevertheless, posterior fixations are responsible for a decrease in the range of motion in the neck (notably of rotation) by approximately 50%. Again, screw procedures carry a risk of damaging the vertebral artery in up to 8.2% of cases. 35 These techniques are not devoid of risk in terms of morbidity and mortality in frail individuals. Ardeshiri et al. 5 reviewed 5 studies, among them their own cohort of patients, describing, more particularly, surgical morbidity and mortality with values from 0% to 26% for morbidity and 0% to 25% for mortality. Indeed, this pathological condition can have a fatal outcome, as can be found in numerous series in which there is justification for stabilization, but at times the comorbidities are a barrier to intervention.
Three well-conducted reviews of the literature 20, 34 do not arrive at any endorsement regarding the treatment of choice, orthopedic or surgical, and in terms of surgery, regarding posterior or anterior fixation. The various articles reviewed are all retrospective analyses of small cohorts, with assessment lacking for certain ones, and especially great variation in the evaluation scoring among the series and the follow-up period. What stands out, and only with poor levels of confidence, is that this pathology, in the particular context of the elderly, has a high rate of morbidity and mortality, and notably in relation to each of the particular treatment modalities. Moreover, these can lead to failure with the development of a pseudarthrosis. The meta-analysis carried out by Nourbakhsh et al. 33 shows, for patients older than 45-55 years of age, a fusion rate of 60% for the group treated orthopedically (38%-79%) compared with 85% for the group treated surgically (78%-91%). Two recent prospective studies are found in the literature.
Konieczny et al. 22 conducted a prospective analysis of treatments they performed. Their study was not randomized, because the analysis was designed according to an algorithm of their own. Neither the type of fracture nor the age group was specifically examined. The algorithm is based on the stability of the fracture using dynamic radiography criteria, age, and neurological involvement. The stable fractures were all treated orthopedically (in a Philadelphia-type collar); the patients younger than 75 years with unstable fractures were treated by anterior screw fixation. All patients with neurological involvement and all patients with Type III D'Alonzo and Anderson fractures were treated using C1-2 transarticular screws. Even if the rate of fusion in this prospective study is excellent (68 of 69 patients), 5 patients underwent a second surgical procedure, and the algorithm itself is not beyond reproach. Vaccaro et al. 45 were more specific in their prospective study of functional repercussions and quality of life for Type II fractures in the elderly. The cohort is one of the largest, with 159 patients enrolled, and the study is a multicenter study. The main drawback is the absence of randomization, the choice of treatment being left up to the individual assessment by the surgeon in the different centers. The surgical group had the more favorable outcome according to the 2 scoring systems chosen (Neck Disability Index and SF-36 version 2). There was no significant difference between the 2 groups in terms of complication rates, but the surgical group had a significantly higher rate of fusion (95% vs 79%). The mortality rate was higher in the nonsurgical group, but the difference was not significant.
When comorbidities do not cloud the surgical prognosis, it would seem that this treatment might be the most suitable for limiting morbidity and mortality. Nevertheless, in the patients we treated, it did not seem reasonable to proceed with a posterior fixation, because a ventral decubitus operating position was necessary, and because of the increased risk of infection and the necessarily longer operating time. This option has been reported for a patient 98 years of age. 42 However, the skin complications linked to the orthosis in Case 1 and the posterior displacement of the fragment in Case 2 made the surgical choice inevitable for us. The associated comorbidities, and, in particular the osteopenia, put us in fear of odontoid pseudarthrosis after screw placement, since old age and osteoporosis are the 2 factors most associated with nonfusion in this surgical procedure.
Several cases of vertebroplasty have been reported, the aim being to optimize stability and reduce pain in lytic lesions in the body of C-2. 3, 43 There was just one report in which the fracture did not heal and the pain persisted. 4 A surgical approach similar to that of odontoid screw fixation was followed in 1 case. 8 Kyphoplasty alone has also been described in 7 cases for painful lytic lesions, either metastases or of myelomatous origin. 11, 14, 15, 26, 31 This method allows for preferential determination of placing the cement and thus limiting the risks of leakage. The surgical approach allows for control over the vascular bundles, and the anterolateral cervical approach limits the risks of infection, such as those associated with the transoral approach. 30 Dysphagia is often a major concern in this procedure. The major step is the duration of the surgery and especially the stretching time imposed on the aerodigestive tract. The total stretching time was less than 15 minutes for these 2 cases because we relaxed the retraction when the spacing was not necessary. Second, we prophylactically administered corticosteroids to prevent edema (1 mg/ kg/day) for 2 days postoperatively. With these 2 steps, we did not observe dysphagia in these cases.
The addition of cement to anterior screw fixation of the odontoid seems manageable, with an obvious advantage from the consolidation. A single case of vertebroplasty combined with odontoid screw fixation has been reported. 41 It seems preferable to us to optimize the position of the cement above and below the fracture line by carrying out a kyphoplasty. A 20-mm balloon deployed above and below the fracture line and inflated just once seems to be the best option.
To summarize, we suggest anterior surgery for a Type IIB dens fracture in elderly patients in the following cases: the posterior displacement is more than 4 mm, the Minerva corset is not borne by the patient, and an increase in the displacement is found despite the Minerva corset.
We recommend kyphoplasty when the CT scan highlights osteopenia. A prospective study comparing immobilization with Minerva corset, single anterior screw, and the association of anterior screwing and kyphoplasty should allow us to confirm or reject this potential recommendation.
conclusions
To optimize the healing of Type IIB fractures in patients who are approximately 90 years old, we propose an innovative and quick surgical technique that combines anterior screw fixation of the odontoid with kyphoplasty. This allowed for a prompt return to self-sufficiency in frail patients with, in both cases, no complications and a stable structural outcome, and also with only mild adverse effects immediately postoperatively. This technique permits avoidance of the morbidity associated with orthopedic treatments and posterior fixation, and, at the same time, reduces the risk of pseudarthrosis as linked to simple screw fixation, the incidence of which is directly related to osteopenia and advanced age.
references

